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COVER CAPTION: Corrugated sheet iron roofing material wrapped around a splintered flame tree
at commissary junction, Guam, bears mute testimony to the fury of Typhoon Russ’ passage just
four days before Christmas (Photo courtesy of NOCC/JTWC/Mr. F. H. Wells).
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FOREWORD

The Annual Tropical Cyclone Report is
prepared by the staff of the Joint Typhoon
Warning Center (JTWC), a combined Air
Force/Navy organization operating under the
command of the Commanding Officer, U.S.
Naval Oceanography Command Center/Joint
Typhoon Warning Center, Guam. JTWC was
founded 1 May 1959 when USCINCPAC
directed that a single tropical cyclone warning
center be established for the western North
Pacific region. The operations of JTWC are
guided byCINCPACINST3140. IT.

The mission of the Joint TYphoon Warning
Center is multi-faceted and includes:

1. Continuous monitoring of all tropical
weather activity in the Northern and Southern
Hemispheres, from 180 degrees longitude
westward to the east coast of Aiiica, and the
prompt issuance of appropriate advisories and
alerts when tropical cyclone development is
anticipated.

2. Issuance of warnings on all significant
tropical cyclones in the above area of
responsibility.

3. Determination of requirements for
tropical cyclone reconnaissance and assignment
of appropriate priorities.

4. Post-storm analysis of significant
tropical cyclones occurring within the western
North Pacific and North Indian Oceans, which
includes an in-depth analysis of tropical
cyclones of note and all typhoons.

5. Cooperation with the Naval
Oceanographic and Atmospheric Research
Laboratory (NOARL), Monterey, California, on
the operational evaluation of tropical cyclone
models and forecast aids, and the development
of new techniques to support operational
forecast scenarios.

The
improve
Cyclone

JTWC staff constantly strives to
the quality of the Annual ‘Tropical
Report. Last year we sent out

questionaires-requesting recommendations for
improvement. This 1991 edition of the Report
contains changes in format and content that
represent our attempt to incorporate your
recommendations. We hope you find the
changes beneficial. In any case, we would like
to hear your comments.

Changes in this year’s publication include:
addition of an Executive Surmrxuy movement
of contractions and distribution to Appendices
western North Pacific write-ups included more
synoptic details and photos; Tropical cyclone
support summary expanded to include local
studies; and tropical cyclone warning statistics
as well as track and fix data are available upon
request to be copied on to user provided
diskettes.

JTWC has seen many changes over the
past year. Perhaps the most signii3cant was Air
Force funding for the Det 1, lWW Automation
Project which should improve satellite
reconnaissance support to JTWC.

Special thanks to: Captain Robert J. Plante
for his significant contributions and suppom, the
men and women of the 27th Communications
Squadron, Operating Location Charlie and the
Operations and Equipment Support departments
of the Naval Oceanography Command Center,
Guam for the high quality real-time satellite
irnage~ suppom, personnel of the Pacific Fleet
Audio-Vkxml Center, Guam for their assistance
in the reproduction of satellite data for this
repofi, the people of the Navy Publications and
Printing Service Branch Office, Guam; Dr. Bob
Abbey and the Office of Naval Research for
their support to the University of Hawaii for the
Post Doctorate Fellow at JTWC and their
sponsorship of the largest typhoon experiment
ever held in the western North Pacific, TCM-
!Xkand Dr. Mark Lander for his training efforts
and suggestions.

. . .
m



EXECUTIVE SUMMARY

The following information summarizes
the 1990 tropical cyclone season in terms of
JTWC’S workload, reconnaissance support,
forecast errors, and support to the Tropical
Cyclone Motion (TCM-90) field experiment
which was sponsored by the OffIce of Naval
Research.

In 1990, JTWC issued 794 warnings on
32 tropical cyclones in the western North
Pacific Ocean, 46 warnings on four in the North
Indian Ocean and 298 warnings on 29 in the
Southern Hemisphere, making it the center’s
busiest year in its history. The following
summary shows JTWC’S workload in each
ocean basin and for the total area of
responsibility (AOR):

NWP SH NIO AOR

‘IkOpicsdcyclones 32 29 4 65

Days in warning
status 165 98 15 239

Daysin multiple
wartdttgstatus 54 29 0 83

TotalWarnings 794 298 47 1139

Almost 5000 satellite fixes supported the
tropical cyclone warning mission. In addition,
se~eral land-based radw- stations in the western
North Pacific provided nearly 1000 radar fixes.
The NASA DC-8 research aircraft used in
TCM-90 provided four aircraft fixes. The
following table summarizes the reconnaissance
support received at JTWC in 1990:

NWP SH NIO AOR

Satellitefixes 3140 1702 80 4922

Radar fixes 994 0 0 994

Ahm%aftfries 4 0 0 4

JTWC’S performance during 1990
resulted in the lowest 24-hr, the third lowest 48-
hr, and the fourth lowest 72-hr forecast position
errors ever in the Northwest Pacific. This
performance was remarkable, considering that
65% of the tropical cyclones took recurving
tracks. Of the 32 tropical cyclones in the
western North Pacific, four were super
typhoons, 17 were less intense typhoons, 10
were tropical storms and one was a tropical
depression. 1990 also saw the second lowest
intensity forecast errors ever at all verifying
times. In the western North Pacific JTWC also
reduced the false alarm rate in forecasting
tropical cyclone development from 32% in 1989
to 9% in 1990, while increasing the probability
of detection from 91% to 9770. The following
statistical summary shows JTWC’S forecast
errors in each ocean basin and in the total AOR

NWP SH NIo AOR
POdtion
errors
z41u lo3nm 143nm lolnm 114nm
48hr 203nm 263nm 146nm 217mn
721u 310nm .--—--- 185Nn 305mn

Intensity
errors
24hr 10kt 10kt 9 kt 10kt
48hr 16kt 16kt 24kt 16kt
72hr 20kt ------ 48kt 21kt

JTWC acted as the operations center for
TCM-90. More than 30 research scientists from
several countries worked closely with T~hoon
Duty Oillcers and other JTWC personnel during
the busiest part of the western North Pacific
tropical cyclone season. The Center dedicated
over 3000 man-hours in support of TCM-90,
resulting in closer ties between operational
forecasters and the research community. The
resulting data base was the most complete and
finest ever collected on western North Pacific
cyclones and will support decades of tropical
cyclone research.

iv



TABLE OF CONTENTS

PAGE
FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..iii
EXECUTIVE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..iv

l. OPERATIONAL PROCEDURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...1

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10

General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...1
Data Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1
Communications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Data Displays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..4
Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...5
Forecast Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...5
Warnings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...7
PrognosticReasoningMessages. . . . . . . . . . . . . . . . . . . . . . . . ...8
Tropical Cyclone FormationAlerts. . . . . . . . . . . . . . . . . . . . . . . ...8
SignitlcantTropical WeatherAdvisones. . . . . . . . . . . . . . . . . . . . . 8

2. RECONNAISSANCE AND FIXES.... . . . . . . . . . . . . . . . . . . . . . . . . ...9

2.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
2.2 ReconnaissanceAvailability... . . . . . . . . . . . . . . . . . . . . . . . . ...9
2.3 SatelliteReconnaissance Summary . . . . . . . . . . . . . . . . . . . . . . ...9
2.4 RadarReconnaissance Summary. . . . . . . . . . . . . . . . . . . . . . . . ...14
2.5 Tropical Cyclone Fix Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

3. SUMMARY OF NORTHWEST PACIFIC AND
NORTH INDIAN OCEAN TROPICAL CYCLONES. . . . . . . . . . . . . . . ...17

3.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...17
3.2 WesternNorthPacificTropicalCyclones . . . . . . . . . . . . . . . . . ...22

INDIVIDUAL TROPICAL CYCLONES

TROPICALCYCLONE ~UTHOR m TROPICALCYCLONE AumQR l?Am
(OIW)TYKORYN BOUCHARD.. 30 (16W)TYBECKY EDSON. . . . . . . 122
(02W)TSLEWIS
(03WjTYMARIAN
(04w)TDo4w
(05W)TSNATHAN
(06W)TYOFELIA
(07W)TYPERCY
(08W)TSROBYN
(09W)TYSTEVE
(1OW)TSTASHA
(llW) TYVERNON
(12W)TYWINONA
(OIC)TSAKA
(13W)TYYANCY
(14W)TYZOLA
(15W)TYABE

CAR. . . . . . . . 36
EDSON. . . . . ..4O
JEFFERIES. ...46
GOETZ. . . . . . . 50
SHOEMAKER.56
THOMPSON.. 62
CARR. . . . . . ..7O
EDSON. . . . . . 76
JEFFERIES. . . 82
MUNDELL.. 88
GOEIZ . . . . . . 94
JEPFERIES... 100
GOEIZ . . . . . . 104
THOMPSON.. 110
CAR. . . . . . . 116

(17wjTYDOT
(18W)TSCECIL
(19W)TYED
(20W)STYFLo
(21W)TYGENE
(22W)TYHAn’lE
(23W)TSIRA
(24W)TSJEANA
(25W)TYKYLE
(26W)TSLOLA
(27W)STYMIKE
(28W)TSNELL
(29W)STYPAGE
(30W)STYOWEN
(31W)TYRUSS
v

MCJNDELL. . . . 128
GOETZ. . . . . . . 134
GOETZ. . . . . . . 138
THOMPSON... 144
CAR. . . . . . . . 152
EDSON. . . . . . . 156
JEFFERIES. . . . 160
GOE’IZ . . . . . . 166
GOETZ. . . . . . . 170
THOMPSON.. . 174
SHOEMAKER..178
EDSON. . . . . . . 184
JEFFERIES. . . . 188
AURAL. . . . . . . 194
THOMPSON.. . 208



PAGE

3.3 North IndknOceanT ropicalCyclones. . . . . ..”. . . . . . . . . . . . . . . . . ...226

INDIVIDUAL TROPICAL CYCLONES

TROPICALCYCLONE &m&m PAGE
TC OIB . ...228
TC 02B CARR::: . ...229
TC 03B CARR . . . . . ..23O
TC 04B CARR . . . . ...231

4. SUMMARY OF SOUTH PACIFIC AND SOUTH INDIAN OCEAN
TROPICAL CYCLONES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...233

4.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...-.233
4.2 South Pacific andSouthIndian&em Tropical Cyclones . . . . ...233

5. SUMMARY OF FORECAST vE~CAnON.. . . . . . . . . . . . . . . . . . ...239

5.1 Annual Forecast Verification . . . . . . . . . . . . . . . . . . . . . . . . . . ...239
5.2 Comparison of Objective Techniques . . . . . . . . . . . . . . . . . . . . ...253
5.3 Testing and Resuhs. . . . . . . . . . . . . . . . . . ...-...............258

6. TROPICAL CYCLONE SUPPORT SUMMARY . . . . . . . . . . . . . . . . . . . . 263

BIBLIOGRAPHY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...270
APPENDIX A-Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...272
APPENDIX B- NamesforTropical Cyclones . . . . . . . . . . . . . . . . . . . . . . . ...273
APPENDIX C-Contractions,.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...274
APPENDIXD- Past Annual Tropical Cyclone Reports . . . . . . . . . . . . . . . . ...276
APPENDIX E- DistributionList. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...277

vi


